By providing nest boxes, previous studies have shown that nest sites are in short supply and limit the populations of several small passerines, including the Great Tit Parus major, the Blue Tit P. caeruleus, and the Pied Flycatcher Ficedula hypoleuca. Can this influence their distribution over a range of small woodland patch sizes in a heterogeneous landscape? To investigate this, a study was conducted in a heterogeneous agricultural landscape, with a mixture of wooded patches and cropped fields, in southern Sweden. The descriptive part of the study involved mapping territories of the three species in 135 patches. These species avoided small (< 1 ha, Pied Flycatcher) or very small (< 0.2 ha, the two tit species) forest patches in this landscape. In an experimental part, a subset of 34 patches, 0.01 to 24 ha in size was used. Territories were mapped in a first yr as a control. In a second yr, patches were matched by size and vegetation and nest-boxes were provided in one patch of each pair. Territories were again mapped. Providing nestboxes increased the density of breeding Great Tits in patches of all sizes and expanded their use of very small patches. The nest-boxes increased the density of Pied Flycatchers in large patches but not in small patches. So, is the lack of territories in small patches due to shortage of nest sites? The outcome of the experiment suggests nest site limitation as a cause of the observed Great Tit discrimination against very small habitat patches. The lack of Pied Flycatchers in small patches must however have another basis than lack of nest sites. The effect of providing nest-boxes on Blue Tit distribution was inconclusive.
simplification, and the characteristics of the matrix may have important effects on the suitability of patches (Andrén 1994 , Estades 2001 .
As an example of effects of fragmentation, small woodland habitat patches in agricultural areas have indeed been found to contain restricted sets of forest bird species (Moore and Hooper 1975 , Cieslak 1985 , van Dorp and Opdam 1987 , Kurosawa and Askins 2003 . However, species diversity sometimes can be as high as that in larger patches (Blake and Karr 1984 , Loman and von Schantz 1991 , Berg 1997 . In line with the reasoning above, this may be due to direct differences in the vegetation of small and large patches or it may be due to size and isolation per se. Holenesting birds may be limited by the availability of nest sites (Brawn and Balda 1988 , Newton 1994 , Bock and Fleck 1995 , Thompson et al. 2002 and it may be that differences in tree species composition and tree conditions cause nest sites for hole nesters to be in short supply in small habitat patches.
The Great Tit (Parus major L. 1758), the Blue Tit (P. caeruleus L. 1758), and the Pied Flycatcher (Ficedula hypoleuca Pallas 1764) are three common hole nesters that readily accept nest boxes and tend to be missing from the smallest forest patches (Opdam et al. 1985 , Huhta et al. 1998 , Huhta and Jokimäki 2001 . In this study, their use of small habitat patches in an area in southern Sweden is firstly analysed using a descriptive data set. Secondly, the hypothesis that nest sites are in short supply in small and/or medium sized habitat patches is tested experimentally by means of nest box provisioning.
Study area and methods
The study was conducted in agricultural landscapes in Skåne which is the southernmost province of Sweden.
Descriptive study
Great Tits, Blue Tits, and Pied Flycatchers were censused by means of territory mapping in a total of 135 wooded patches in south western Skåne in 1982 and 1983. Mappings were performed during 8 to 10 visits to each patch from April 21 to June 28. Birds observed (seen or heard) were scored on a map and the number of territories evaluated from these locations (Anon. 1970) . The evaluation was based on clusters of locations and interpretation of behaviour like singing and territory disputes. It was assumed that no territory spanned more than one mapped island. Though in principle possible, this is very unlikely as most patches were at least 200 m from any other patch. Patch sizes varied between 0.01 ha and 24 ha. All patches used by the present study species were wooded (but in the case of the smallest ones it sometimes happened by only one tree).
This was part of a larger study reported by Loman and von Schantz (1991) , where a fuller account of methods and study patches is given.
Experimental study
Nest-boxes were supplied in three areas in western Skåne. The three areas, which were a subset of those used for the descriptive study, are close to the estates of Svenstorp, Ellinge and Trolleholm. In these areas 20, eight, and six wooded experimental patches were used. All areas were dominated by cropped fields, woods making up less than 10% of the total area. In Trolleholm there was also about 30% grazed fields.
All experimental study patches were censused for breeding birds by territory mapping in 1983 (Anon. 1970) . Half of these patches were supplied with nest boxes in the winter of 1984, and the census was repeated during the following spring. The nest boxes had an opening diameter of 26 mm or 32 mm, (50% of each). The former are avoided by Great Tits but used by Blue Tits (J. Å. Nilsson, pers. comm) . In patches over 1 ha in area, I supplied ten nestboxes per ha. In the smaller patches, I supplied two to five boxes. This meant that density in these patches was from 14 up to 200 boxes per ha in the smallest ones. A higher density was thus used in the smaller patches to assure that the number of boxes would not be limiting even if some individual boxes were disfavoured. The patches were divided into two groups with matching pairs. In each pair, one patch was used as an experimental patch and the other as control. The two patches in a pair were similar in size and habitat and situated within the same estate.
For the statistical analysis I used each patch as an independent unit. The response variable was the difference in number of territories in 1983 (when no nest-boxes were present) and 1984 (when nest-boxes were supplied in some of the patches). Because the magnitude of this variable clearly varied with patch area, the effect of the treatment was analysed with ANCOVA that included this factor as a covariate. Both patch area and difference in territory numbers were highly skewed towards low values and were log transformed before analysis.
Results
Great Tits were not found breeding in patches smaller than 0.19 ha (Table 1, Fig 1a) . Above that area, there was a negative correlation between area and density (Fig. 1a) . Using the average density in the ten smallest patches above 0.19 ha in area as null hypothesis, a total of five Great Tit territories (5.8 ha * 0.9 territories/ha) was expected in the smallest, now unoccupied patches. Correspondingly, a total of three (7 ha * 0.4 territories/ha) Blue Tit and 1 (24.5 ha * 0.03 territories/ha) Pied Flycatcher territories were expected in the smallest patches (Table 1 , Fig. 1b and c) . The increase in density with decreasing patch size, down to a limit, was also observed for the Blue Tit (Fig. 1b) but not for the Pied Flycatcher (Fig. 1c) .
Effect of experimental nest box provisioning
Great Tits bred in both small (< 1 ha) and large patches. The number increased in the experimental patches when nest-boxes were introduced but also in the control patches (Fig. 2a) . When boxes were provided, Great Tits were found breeding in smaller patches than recorded in unmanipulated patches (minimum 0.19 ha). Thus, there were two breedings recorded in a 0.02 ha patch and one in a 0.05 ha patch (Fig. 3a) . The pattern was similar for the Blue Tit (Fig. 2b) , but the total number of territories recorded was less (15 vs 30) for the Great Tit ( Fig. 2a and b) . For this species, the minimum accepted patch size did not change when boxes were supplied (Fig. 3b) . Almost no Pied Flycatcher nested in the small patches, regardless of nest box provisioning. In the larger patches there was a marked response to the addition of nest boxes (Fig. 2c) .
The number of Great Tit territories increased or remained the same in all patches from 1983 to 1984. However, in the control patches, the increase was less pronounced than in the experimental patches where nest boxes were supplied (Fig. 3a) . The difference between control patches and experimental patches was significant (Table  2) . There was not a clear pattern for the Blue Tit (Fig. 3b,  Table 2 ). For the Pied Flycatcher there was no increase in the smaller patches, either in control patches or in experimental patches. However, in the larger patches, the increase was higher in the experimental patches (Fig. 3c) , i.e. there was a significant interaction between patch area and patch treatment (Table 2) .
Discussion
Few territories were expected in the low range of patch sizes where the species were lacking before nest boxes were provided. In the tit cases, this is because the total area of small, unused patches was small. Still, some territories were expected unless there were some effect of small patch size. For the Pied Flycatcher, the average density in occupied patches was low and the lack of territories in the small patches was not striking. For these reasons and for lack of an undisputable null hypothesis, I prefer not to formally test if the lack of the three species in smallest patches is significant. However, the fact that Tit density actually increased down to an area threshold at which they disappeared does suggest that at least these two species for some reason avoided the smallest patches in the present set. Several previous studies suggest similar patterns (Moore and Hooper 1975 . The observed increase in patches just above the minimum size can probably be explained by the use of resources (e.g. food) in the surrounding matrix (Estades 2001) . If matrix area exploited were included in territory area, territory size might well be less variable and not correlated with the size of the patch where the nest is situated. Table 1 . Territories recorded in a set of 135 patches (0.01-24 ha large) where territories where mapped in 1982 and 1983. There were no nest boxes in these patches. Comparing the two bottom rows gives an estimate of the number of territories expected in small patches if these were not avoided (see discussion).
Great Tit
Blue Tit Pied Flycatcher Fig. 1 . Patch area and territory density of the three studied bird species. All 135 patches in the descriptive study are included. Patches are sorted by area; the symbols indicate the running average for each patch based on the patch and the five next larger and five next smaller patches. For the Pied fly catcher an average based on two larger and two smaller (rather than five) patches was used (otherwise the 10 largest patches that contained most Pied Flycatcher breedings would have been missing from the figure). For the Great Tit the number of territories increased by the addition of nest boxes, regardless of patch size. This suggests that breeding density was limited by nest site availability in all sizes of patches, including the very small ones. Actually, breeding by Great Tit was only recorded in patches < 0.1 ha after nest boxes were supplied. There was no interaction which had confirmed a more marked response in small than large patches following nest box introduction. However, it suggests that a lack of nest sites is part of the picture in explaining the lower boundary of used patch areas. No consistent response was found for the Blue Tit. For the Pied Flycatcher, there was an effect of nest boxes in the larger patches only. This species did not seem to accept small patches, regardless of nest site availability. This hints that the lack of this species from small patches is not due to lack of nest sites. However, breeding density was clearly limited by nest sites in larger patches.
The density of nest boxes supplied differed between patches of different size. This was difficult to avoid because I wanted to span a fairly large range of patch sizes. The density used in the smallest patch (four boxes, at 200 boxes per ha) corresponded to a total of 987 boxes in the largest patch. Actually, 25 were used here. Can this have biased the results? The conclusion for the Pied Flycatcher is robust in this respect. Despite the high density of boxes, these were not used while the moderate increase in the large patches resulted in an increase in territories. In the Great Tit there was no effect of patch size. It is possible that a much higher number of boxes added to the larger patches would have resulted in a further increase in these patches. If so, one may have concluded that the abundance of nest sites was more limiting in large than in small patches. However, the present results show that, regardless of relative magnitude of the effect, nest sites were limiting in both small and large patches for Great Tits. The two largest patches contained in 1984 a total of 25 and 12 boxes, respectively. Out of these 20 and seven, respectively, were occupied. Assuming that nest sites were limiting, it can not be ruled out that the empty boxes were unsuitable for either of the species, e.g. too close to conspecifics. If so, a higher number may have resulted in even more Great Tits in these large patches. Nevertheless, this does not invalidate the main conclusion.
Providing nest boxes has increased the density of holenesters in many previous studies (Brawn and Balda 1988 , Newton 1994 , Bock and Fleck 1995 , although a study on flying squirrels failed to find an effect (Brady et al. 2000) . With regard to the species addressed here, other studies where nest boxes have been supplied have found an increase in breeding tits (Higuchi 1978) and Pied Flycatcher (Enemar and Sjöstrand 1972 , Järvinen 1978 , Currie and Bamford 1982 . Alerstam (1985) found a similar increase in densities of Great Tits and Pied Flycatcher in a small deciduous wood (12 ha) but no corresponding increase in Blue Tits. His hesitation to attribute this finding to competition from Great Tits is supported by the present study where 50 % of the boxes had small holes and were not used by Great Tits. However, competition between the two species has been suggested (Dhondt and Eyckerman 1980) . It is possible that competition from Great Tits, at least proximately for other reasons than nest sites, limited the number of Blue Tits. If so, this was even more so after the increase in Great Tits following nest box provisioning. It is also possible that the Blue Tits actually preferred boxes with large holes (Kempenaers and Dhondt 1991) and the reduction of these caused by Great Tits was enough to deter Blue Tits.
The nest site limitation hypothesis did not explain the lack of Flycatchers in small patches and only with some hesitation that of the two Tit species. Are there alternatives to lack of nest sites for the avoidance of small habitat islands by Tits and Flycatchers? It may be that these forest species cannot find sufficient food in a very small forest patch. Indeed, breeding performance in small forest patches has been found to be poorer than that in larger forests for Great and Blue Tits (Hinsley et al. 1999) , although other studies found no difference for the Tits (Nour et al. 1998) and Flycatchers (Huhta and Jokimäki 2001) . There is also evidence that predation may be higher in small habitat fragments (Möller 1991 , Paton 1994 , Batáry and Báldi 2004 . The latter fact is of particular interest here because there is evidence that predation is higher on nests in natural cavities than in nest boxes (Mitrus 2003) . If nest sites are limiting in some habitat patches, maybe one should stress safe nest sites. In the study area, breeding performance of Great Tits was indeed poorer in the small patches (Loman 2003) . Matthysen and Currie (1996) found that Nuthatches (Sitta europea) were more reluctant to colonize territories that were vacant but previously had proven suitable in small patches than such territories in larger woods. They attributed this to risks and time cost involved in prospecting these sites. These two alternative explanations may well have been part of the picture also in this study area. However, at least for the Great Tit, it gives support to the hypothesis that nest sites may be limiting in very small patches.
